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The Bvid^^*^ of Continental Elevation daring the For- 
uifltion of the Valleys of the Great Lakes.* 
If, in tbe growth of the AroerioaB continent, the moulding of the 
land features had not largely depended upon its projeotion above the 
sea, favoring or retarding the action of rains and rivera in sonlptnring 
its surface- there would be little interest as to what was its relative 
height, before the commenoement of the Pleistocene period. But we 
find yftlley* '^^^''y greater than the meteoric agents oonld have pro- 
daoed und*"" exUling conditions Thus, there are not only deep canons, 
bnt also v*^' depressions, descending to levels far below the sea, which 
are now fi'^^*^ ^^^^ **^ earlier drift aconmulations, or form ohanneU 
submerged beneath ocean waves, or oonstitnte basing occupied by 
lakes, fle**"^' "" ^^^ study of the drift itself, in the investigation of 
the lake bi^*"^' °' "■ ^'^^ research upon the growth of modern rivers, 
we neeeB8»'?*y mq^ln what was the altitude of the continent that 
Would perO**' '^^ ^^ mouldings and ohannelings of the original rook 
surfaces. 

Following *** period of high continental elevation, the geolo^ 
Bees in the V»lleys and old channels, still below the Uvei gf the sea, 
and in the ^%^ '^^^' beaches, extensive submergence succeeded 
by a re-elevation, but not to the original height, when the continent 
was being chiseled out by the ancient rivers. That thia re-elev»tion is 
Mill going on is shown by the northward tilting of the oompar»ti'ely 
recent marine accnmuUtions along the St. Lawrence valley and *^™'' 
coast, and tbe nused beaches in the lake region, as well as W *^® 
Bhoaling of the waters of Hudson's Bay during the present peri<>^ "*' 
observation. 

As general statements do not satisfy investigation, it beo""'^* 
neoesBary to search for definite measurements of the former heiffb* "' 
the continent among the archives of the geological past, l^ yg first 
^^k for the testimony recorded by the Mississippi river. 
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Pboktob Bo»«»q»,ot ok Twins. 

both the P»=ific and Atlanti,, „„,, Th, L.",^"' "'<'""^. "Poo 

th.d.iuomeM«ippn:r.:;b.^.L'r2';r' r " 

pl.t.,n » .ubmerged ,„ . depa „f ,,,„„ , j^ ^" »' "e ""-Cental 
„« o "Other i„a„3 , at th. r , , '' T- T^^' 

feet abo™ ■«• floor. Thy „„ . ' "^f "'« from 900 to l.joo 
,0.0 f«, aod , .he™erre o J tr? " " ^'f'' »' 
Mi»i»iPP;w»,towa,d,,bi„i"i^j°. ' "'"Ml of the anei« 

On tl)« P'rafic coast, in the region of Cane Menrt„ ■ 
3,„„ teet. and ..„„, „, ,__,,^„, eed to ,„„ ,.„„ ,. 

the of ''• valley, ,be„ u,.y b«.k ,t„„,i ", "'"•■'en.ent. «■. 
of the W»"°'«. a. abont ^ „«.. f "n, ,h" p„»n, T^' """"' 
.nbmergo'J «« "■« depth of ,o„ ,a,h„„°7 "^ °' "'■>'•. "!»'« H » 

The «,0»dinp along ^^ ^,|^,.^ J 
The lo.g-»™e known „t.n™n of theHZon "°»l«"i-P 'Jo'^'- 
Atlantic ««•". » traceable to the marm f tk ' '*°""' "'° 

ac„iring • depth of a,8« ,„^ ,„ ,,„^^ « ~»tinentd pl.t.an, 

a bar, covered with mud, which how Boundinge show 

depth of onlj 1,230 feet. The IiniinW™!,'' ." °" .'"'''Merged to the 
Of the Delaware ri™r bring to light'anl'.t T^^' °« "« """ 
.. now covered by ocean ,L. ^.l "S "" «"' °' "■"' 
«award not having h«n ascertained. (LlnJlu "" "'"'°""''° 

Were the continent elevated onlv ArtA, * ,1, /a,, 
be „ph„.a by a tcrrenrid plain, ' . ° '"'■,"" ":" « «.ioo '""''' 
•r.,.,.ed hj ri«„ ... ., „S, » ■»7 P^" * «ilc. wide, but 
e.t d..p-tha. i... .ay, .h. bo.C f.hf fTd ' *°«''i b" '■"" 
=.M. feet Evch .y. ^t, d.ptbX no b. 1^ °°'' -b""*"" 
be lin. between the o.^U. banCi ,i. Lo ,b """"^ "" »'""« 
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' ''"ilS T^" T"" ' *'"'"' "f «*« '«"• In the 8t r. 
ma, » '""• t«low the a, ^ „f ,. „.„„„ ° ™ '*• lowMnce 

MMfef w„,.te.«<"%hu ,!rM;?r " •■*""•' 

ward. I" "» region of the „„t™ of .t^M ' '° '""""S "••- 
old cha»»«' " «.w ..brne,;;;f ^"s"^ ''• r^™ Sulf, the fioo, „, .1, 
feet; thu- .ho.i., „, efa^.'; W^V. ';'2r;""'''^ f'" 
the moutt of the ch,„„el thro,,:], ,ho rJJm *''""■ '*' »' 

of .h.t of the St. L™re„„nL„ i!f.. „*■"'■'"•••''' ~«l> 
between the bant, loo fath^L i..l„„ .i J, *"°'' '"" '""'""'i 

depth of 3..« L, ,., :teT J ':;: x:'; r ^'jv" 

Althongh thu, „„i.„, ,j,,j, .^ ^;^^ ^^ ^.|_^^ ^«- J«,t mw«^ of „. 
™ a ■■''"7„"'""'. jet it i. not a. b™ad as ,o„" "" , ^^ 

out it. ""tag. for a length „, 800 »ile, „, 2 "[""'J- "■"'■«''■ 
"'^°"'' ,°tr''°»"5'«orea.ing i„ n,ag.i..de t "^ " """'"""^ 
Other atXi .malle, diannel, are risible in the .onnj '^'"'°« ""'"''■ 
tb,S.rai« »' C...0, between Nova sj.ia anf >' thus, so.th ., 
.h.„ is <.»• WOO fee. deep, aeeordi.g ,r.Te Briti.?"! ''""<'° '"»'"'• 

HndsoO • .■=«? 'arely exceed, a depth of 600 feet 
the chann"! » l.»»0 feet de j.^, , " ""i" ""'• yet at the outlet 
the straita, »'•"> the scanty „„ndinffl i„°, '°°^T* ^ '"^"6^ ''»»° 
the „„na.. Here, i„ H«di7slS: alold™ W ' ''*" ""<*'»» 


_._ 's Straits, the old valw'""""*'"* 

a monntaio «ystem, whose peaks upon ,1, .1, ' *™ """"' 

feet above iife The cafion of tie St. Z,"TZ '* '"" "^ "■^ 
»f two mouotam systems, but these are of „"° ITl ™°'~ "" """' 
» t„e ,„, any of the o.be, ..b„.H.e valCs'd^Hb"*' ' '^ "™ 

The record of a former high oontiii««. 1 1 .- 
i. the depths of the Sreat Lakes-o" , T" " "Si" i»*"" 

ocean level, Superior to nearly a. muerMir™ f '° "" '"' '«''°"' 
to 150 feet The lake basin, are ,^er:i T "'°- ""J *'°° 

•ncient St. La„.n„ valley and itrtri^", S ?""»•• »' "" 

'he ... would neccitate not m.rlf ""■■ ' ,""" ""tanoe "»» 
««. but .!„ a g,..„, „onnt of ew' ?™' 7"'°° »' the oooti- 
-f th..y.te»,a.ha.b.,nshow, ^^'"""d I ""■ ke.d.vv.t.r. 
•Pper portion of the a„cient MisS-pp'^^t ° meTr'on of "" 

" °""'" " •=•?"» of 3,000 feet or^r 3; "'"•«°P»«»" 


i?^tef ^^'CS- i'°""»r bT *he *.!■ 



*=•— 'Ota. ^^e. boff^ 

"io^S^'"'" Of ^»' 








were pe'^P^**'** in g«*' oascwJ**- ^ the fjorda of Norway, merging 
into rap'^'y (iontraoting ^alleys, ^^ ^ifladed by great Yertioal walls, hnn- 
dredB of ^^* '"^ height, b^viog tb^ structure named cirques, may be seen 
to^y tb* »»nntetpart of th© c^ast of the American continent, when 
its mat^***^ plateauH stood 3,000 f^* higher than at present; yet Nor- 
way Bt«>^ *""'* °"»eh higher than now, bnt was afterwards snbmerged, 
from which depressioii it has only recently been re-elevated bo that 
its plateaOB, close upon the aea, rise to a height of three or fo"'' thou- 
sand feet, and its mountsuns still higher. The old hydrogfaphy is more 
or lees distorted by warpbgs of the earth's crust, y,]^a^^ however, do 
not obBO*"* the valleys, although rendering the features somewhat 
more oo^V^^ The amount of distortion has yet to be determined. 
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Similaf o**^"*^^' ^""^^ ^ ^eptb^ ^'^w the floor of the eastern end 
of Lake ^''''^' "*'*'" ^uffalOt ''ave b^en ^escribed by Dr. Julias Pohl- 
mann * 1*^ ^^rings into wiaoy o*'*'^'^ "fl the region of ihe westeni 
end of the ^^^ ^a^e been recorded by Prof. T. Steny Hunt,t and 
prove the eX*^"** of "'»>'*'■ ^Uried ohannela. 

The origio** '"^''ognition \ of the vfll'ey-Iike ohiracter of the basins 
of Ontario aod Erie was based ^x^^r^ the above-raentioneii charactere, 
and npon othere now supplemented by a more perfect collection of 
facta; but the greatest difficulty in the way of explanation was in the 
occurrence of the rock-bound outlet of I-ake OflUrio,_a difficulty 
which observations have at last dispelled, as will be seen later on. 

FmiuTti of the Huron Basin. 
The aoutJ"®™ ^alf of Lake Haron is a plain traven-ed by valleys and 
submerged *" 'o™ only a shallow lake. Northward of this shallow 
hasin and e''^^'^'^'"g obliquely across the lake for 80 miles, there is a 
sttbmlrged «»*'^''Pment rising to a height of from 300 to 450 feet, 
facing noril'^**^"^'''^- "^^^ ^^^per part of the lake then trends north- 
ward in the d'"'*'^''"' of Georgian Bay. At one point the extreme 
depth of th^ submerged valley reaches T5o feet. The absolute depth 
of the rock i** ^'^^ deepest channel between Lake Huron proper and 
Georgian B*^ ^^ "^^ known, but soundings show Soa fget; and as 
there is a de^P channel upon the western side of Georgian Bay it 
becomes highly probable that a deeper and connecting channel is fi"ed 
with drift, li^* *'^**^^ known to occur elgewbere, beneath the lakes. 
From the straits, between the islands, the narrow channel in Greorgian 
Say, iust referred to, extends southeastward and is aubmerged to a 
^epth of 610 feet. This is at the foot of the Niagara escarpiQ^"''' 
which extenda, as a strong topographic feature, from the bead of I>^^ 
*^ntario, and, rising in places to 1,700 feet above'- a sea, in^Q ^j^^ pen- 
insula betwePD Georgian Bay and Lake Huron piopT. The cbain**'* 
I *t the foot of escarpments, submerged or otherwise, in'Lake Huron ^^^ 

Georgian Bay are fragmentary records of the history of xhe \»^^' 
*^>'ey8, 5 
'' Fhatvres of Lake Sfia/tigan. 

This lake is divided into two basins. The more northern and large'' 
basin has a maximum depth of 664 feet. It is, i° part, Ijo^f^jg^ Jjy 


* P-ipBT read b9(ors ihe Amer. Amoo. Adrt 
tSt»Eeporl«a»ol. C«md»,ie«3-M, 
' B« ■■ Mboiwj of the PreglMtal Outlet 
1 B« n, 8. LukfrSniTdj chirt of Lake Hui 


lAke Erie." etc, 
ID, and the OeDsdiu Cbart of Oeor^lag Ba 
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the level o* ""' %■ I*'" SimC* » HO feet aboj, QeorgUn Bay, 
but upon '" °°"''«™ »*' « Barr>«' ' ifell bee been snnl; i„ the Dnf,, 
»itbo»t pe<"'^'»g it, to » depth of 280 feet below iu surface. Thirty 
milee fnttS"' '°'*'"i, Mntb o( x^Ye Simooe, at Neiriiiarket, a »ell ma 
in the proo^" "' '^'"g bon»i- It l>*i reached a level belo» Georgian 
Bay and f^ ^^^ ^i drift deposits when visited. In another well 
several miles to the westward, near the side of the ancient buried valley 
at Beeton, fock was reached at so feet below the surface of Georgian 
Bay. 

Between Newmarltet and Richmond Hill there are several deep wells 

on the heavy drift ridges which cross tte country. But at Biobmond 

Hill, at a beigbt of 317 feet above Georgian Bay, there is a well 400 

fect'dcep wi'bout penetrating the drift. This proi.„ jhe thickness 

of the Prif* "^ ^be higher ridges crossing the old valley north of the 

well to be <'°.' '"" ""an 700 feet in the old channel. Southward of 

Biohmond "''' *» <»unlpy fall, away in a series of more or less rolling 

steppes to ^ Ontario, but these plains show the absence of rook 

along deep'^"°°' """3" ^ f" below the level of the nppor lakes. 

DjK>u the ■n"'"^ "de of thi, chain of borings, but a tew miles distant, 

there is the JJ"eara escarpment. Upon the eastern side „f i,,lie Simooe 

the country ^ "vered with a,t limestones, rising to tjo feet above 

that lake, f ™ai the known absence of rocks along the line of borings 

and stream e^oavatione, between a high mountainous escarpment upon 

one aide an'* " ^^^^ *oor upon the other, and from these borings 

reselling to 3^0 feet or more below the upper lakes, without penetratmg 

the, drift but stopping in quicksand, there has been discovered the 

existence of the only channel of antiquity which could now dra* off 

the waters of the upper lakes, if the drift were removed. Although 

none of the borin>:s have reached the original rooky floor \e^ ^^e 

depth of the buried valley is suggested by the channel close upoo ^^ 

uonhern side of Lake Ontario, now submerged to 474 feet which la 

deep enough to drain the last drop of water out of Lake HnroiL 

We have now found the ancient Laui^ntian channel ^m Lake 541oh- 
'gan through Lake Huron and Georgian Bay, and thenee buried bene*''* 
drift deposits until it is again recognizable throughout nearly the wbolo 
length of Lake Ontario, being joined at the western ponioi, hv *° 
ancient outlet of the Erie valley (the ancient IHgart River), got the 
relative maximum depression of the channels, as far as explored la 
disturbed by terrestrial warpings, to be described hereafter. 

Across the soutbem part of the peninsuht of Michigan bet eeO 
hiUs risutg upon either side to heights of sometimes 8O0 or 1 OOO 
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* Cr T ^"'"'""^ ^^"'■"» "•^*'« ^-"•«»• 
,i:ve. vi:r:x.rr err"" -^ -- 

much collaK'»l ,v,j,„^ n„ j ««• Bat there „ 

ing the Pli»»™, the co.tiheo, ^'j „„ mTV'"' "" ? k" 
New York, at the B„„th of n. uiMisebri ri„, "" "^ ™^°' °* 

oo..t,„a i.H»ae„. s...i. C^i::x.T:^;rA™l ::''; 

forIo«g.ge«»' between 1,200 and 1 800 feet above i. *™™^"°°'^ 
a„, the .ho,e» .,„„. / „„ J^ ;^^>» J^*- «P«». --"^^^^^^ 
at «pwa«i.» »t 8,000 feet.. Hence the fomer oonl ''"'l*™''. 
wa. ..«..««■. ...i.tj all de„„a. ,o, the e,o ^tf ,t itr 
valley,; »«"b. rockj b.™™ .„„ j.„..a ..plan.l' t,h „ 
aoco... of ">. P-eaent obat^^^on. no. havi.g i^^S'l! ™ o 
the valley* "^'"aoeoont Of thei, ..b»,.eLl..r4M''"'7 ' 
pan, kto J»l" ba«n.- .he „„„„^ «b„Lio.. fo 1' '"'•"•. "■ 
having loo^'I'Mlnveetieati... ' the eiplanauon 

-0</«rm<,fto» o/- Jtai,edSAo,e,a„d JS.acA^ 
At the oI<*« "' 'be episode of the newe.t till th. ' . < v 
0,... lake. ™ ..bmerged ...a dep.h™'a 'L^ ^'ICa, I 
«co*di.tfb«>ct« which „v.,li. th. .i,l. Th.« ° '"i^.l" 
only ..main M '"gMnt, about aneient i.land.- but if ^, ^ . 
beacheaof low, level, ,e Had ,b,„ w^ateloolj a ^ '"""'• 
.11 th. n.eeM.ry evidence for ^.phiniJt.ZlZ,''^ "T"? 
let. ofthe lake.. Oen. G. K. ^.rr.X:;t ^7^^ T^T 
WMtb.6„tto augge., ,h„ closing „, ,i.7.i„ by w.!!, ' "^^ f .T^ 
Wlb', ctu.t.t Portion, of the hijh-l.v. i. i.. ./ "T'ng" "' "" 
ln„ , , „ tuD ui^u level beaches about thn i„t,„o have 

ongWn noted. But it wa, Mr. G. K Gilbert who li'„ '''°'' oted 
•be beach., upon ,h..ou.h.rn and .„„„ ,id., of Lake oV .»d 

»....„d.h.,r great ri.e Kward. the .„^.„.; b.t, .. ^ T^ .,t 

2L K r"">' ■" "■• "P"'""™' of th. l.k. ba.i„., 1," ''"'s„t 
PpUed by .he p,.„. „i..r.t Th. re..,.. „f Mr. Gilb.^;.'. '» ^. 
«o. of b,.,*,. ,n New York and Ohio, ,„d of th. writ,,.! '°™' W. 
» Canada, Michigan, »«, Y„,k, and .l.„tere are .„«,„ '"•»"'''" 

t*P5^ihyth.„..,v„, „, .„ ..„, sxT«z^«i:r: *v° •« 
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Origin ob* t^*s ^^^^e Basils. 23 

more eleV**®* Reaches in the xe^^"^ of Lake Huron record a still 

greater cb^^f ^^ ^^^^l- . 
At the oti^^®^ ^* Lake Erie, M^^ (Jilbert and myself find a differential 

uplift of ab^"*' ^^o feet per mile, ^i^^ this is sufficient to account for 
any rook bsk^^° ^^ ^^ recently formed basin of Lake Erie. 

The warpi^S affecting the Michigan Basin has been that towards the 
north and east; and even in the hurried channels gouth of I^ake 
Michigan there is no evidence of an ancient drainage to the south, as 
their beds were too high compared with those of the northern, although 
the latter have been elevated recently by warping. 

Conduaions from the Observations. 

The vall^^'s of the great lakes here studied are the result of the 
erosion of *^® iand-surf aces by the ancient St. Lawrence (named by the 
writer Lat^^^^^^^^^ ^i^®^ *^d its tributarie?, during a long period of 
continental ^^^^^tion, until the streams had reached their base planes of 
erosion, an^ *^® meteoric agents had broadened the valleys. This 
condition ^^ *^ ^^® maxmum just before the Pleistocene period. 

The olo-i^^ ^^ portions of the old Laurentian valley into water 
basins occur^^^. ^^"^S and particulariy at the close of the Pleistocene 
period, owin^' ^^ P*^' ^^ drift filling some portions of the original 
valley, but n^^^® especially to terrestrial warpings of the earth's crust, 
which, to a sufficient degree, are measureable. 

Discussio^f.* 
The Chairman noted that there were one or two Fello^g who had a 
local knowledge of the area, but the question of the origin of 
lake-basins in general was raised in the paper. 

Dr. Hinde did not think that Dr. Spencer's explanation of the ori^i^ 

of the American lake basins was the true one. The submerged deep 

channels of the alleged ancient rivers, to which the erosion was said to 

he due, were traced towards the east end of Lake Ontario, where tbey 

^ased ; and their discontinuity through the barrier formed by the ba^d 

S^eiaaoid region of the Thousand Isles was attributed to differentia^ 

elevation, or so-called earth- warping. 1 ^ig assumed warping ^he^e 

barriers existed could always be brought in to account for them He 

(the speaker) asked where the beaches existed near Kinggt^j, at 

the east end of Lake Ontario, on the difference of level of which \be 

supposed warping was based. From his own observations on the 

i^egion,he doubted the existence of the. alleged buried channel between 

Lakes Huron and Ontario, and he did not think that the acknowled A 

* Before the Qeologlcftl Society of London. 
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CHAPTER III. 


Ancient Shores. Boulder PavenientB and ^tj^ 
(travel Deposits in the Region of the Great lj**"l 

IBS Great 1^*^88. *^ii 

Taa land features throughout the 1*''^ region drained \^ 
lawrence river owe their formation ^'^B^^y W the action *] 

Boulpturing rocky or modeling earthy Btorea. That the »^ 
Dot always been oouSned to the margins of the modem lakes { ^ 
*he eea-cliSB and beaches, from which the waters have l,^^^ ^' 
'eceded. These features, still remaining, are sometimeB in th^ ? 
**old relief, and sometimes io the form of narrow eand or gravel '^• 
delicately trace 1 o'er a flat country. In some places the^^ "^ 
approach near to the lakes; in other localities they are miles i^^ 
*t varying altitudes up to hundreds of feet above their present -^ 

The raised shore-lines are no longer water levels, for tej-^ 
"^ovementa, since the lakes have receded from them, have oor^jj 
"■ted them up to unequal altitudes. Whilst some of these ol^ ^, 
represent former lake boundaries, there seems to be little r©^^^ 
doubt that the higher sea-oliffg and beaches formed the coast of bi^ J 
*ater inlete or arms of the sea. 

"eades the deformation arising from the unequal terreetrial j^^ 
"lents, the shores have been in many places defaced by the action 
raini), rills, rivers and landslides, until their broken continuity rend 
them somewhat difficult to follow over long distances. The object 
Ihis chapter ig to describe the eharacurs of the old raised and defom] 
Water-margins, by which they can be identified. The ancient coa 
iniea differ in no respect from the modem, hut tbey are often easier 
follow, as there are no waters to restrict one's footsteps. Were t 
iakea to be suddenly drained, but a few years would elapse before t, 
deserted marina would be aa difficult to mark out with precision 
Wy of those from which the waters have lon g since receded. 

• Bepdn««l(roB.BDu.Q^,B0O.,*"- Vol. I.. PP- "-». "8««- 
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J*=- Boulder pavement, jpsOW witer-laTeL 

It the formation of beachee there is » tendency to Btraightei, 
ooaet-lines by the constniction of bare 1° *™nt of inlets, whioj^ ^ 
Converted into bays or lagoona. Burlington bay. at the west^ * 
'^e Ontario, is »n illustration. Here, a narrow beach (t, fig, ^ , 
* bay five miles long, whose depth is considerable, reaching to 1 
^is is particularly a well-chosen example, for at the head of ^, 
"^ere is a spit - named Burlington heighW (A, fig. 6), rising to i^ 
feet above the lake— eutting off an older bay, now represente^j , 



.,.,e^ ""::.»«• ft* 


tA( Wulem Kill 0/ ^l» OnlarlD. 
i=Biir1lairtoDbeuh, (riMnitiliitBurlJiigtan bar rromtbH Lake. h^BurlinfftoD hel^i, 
*''<!>«it beaoh Ug-ng reet bigh, KpaiaUng Diudsa manli 'tom BurUngton b>f < 

Dnndas marsh. This spit, when the waters were at ita level, form 
portion of an ancient shore (to be described in a future chapter) in 
same manner as Burlington beach forms a portion of the modem 1, 
shore. 

In places, where the waves breafc MP"" t^e more exposed coast, 
heaches are apt to be piled up a feW feet higher than their mean 1« 
The oppoMte result ia seen where the ridges are fashioned as spita 
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portio.8 of th« ^,i,;^ ^or^o> °'> 'ndeed, ib oeoa«io«»Uj' ^^Q , 
of the modern beaches. T*« « » P^^en-ent of boulders ^^^^ 
»diaceDt shores of boulder clay), occupying a given zone ( J^^ ^ *l v 
This zone U in front of an^ * ^^"^ fee* l'>«'«' *'^° ^^^ '^^^l 5?- ■" 
l-each; the boulders having been left just below the Wftteif_j^ * t 
waves made encroaohmenta upon the coast. Again, the bo^j^^l 
been more or less pushed up to this line by the waves fop^j. ^ei 
coast line to which these boulders have been frozen. ^Vu® 
^epowts occur adjacent to the modern beach, they may be ^ ^* 
Ottt of the prater, but they are also found outward in the 1^. ^* 
^epth of several fee* (figures 9 and 10, p- ^8). ^ 

In front of an elevated shore, the boulderii may be arran^^ 
form of a zone, even a few hundred ya™B in width, thr^ 
vertical range of » few feet, which may be increased to So ^^^ 
where there la a succession of beaohleta close together, ^a^jj^ ' 
gradual recession of the waters. But the upper level of th^^ ' 
Oever quite reaches that of the beaches. In traveling ^lojjj^ 
Country these pavements of boulders are as certain indications q. 
lines as are any other forms of the beaches {fig. 9, p. 38). jj 
^eft on the hllUides by the action of reins, washing out tj^^ 
niaterials of the drift clay, are not arranged in belts of symetriQ^. 
The bonlder pavements do not usually occur where the adjao^m 
^ not composed of boulder clay, nor where the beaches are aep^ 
from the land by what is now or has been a bay or lagoon, . 
ments of boulders are not as commonly seen in front of modern ^^ 
a* in front of some of those more elevated and ancient. 

Turning to the more typioal form of the beach structure, as gj 

in the raised shores, there may be seen sand or gravel ridges^ 

frequently from 100 to sometimes ^00 feet across, riBing to is ^ 

feet above a flat or very gently descending plain, whose surface jg , 

commonly composed of fine clay. Sometimes this descent is ao 

gradual as to be inconspicuons; at other places the descent ia ^ 

Budden. The depresHon behind the ridge is generally less than thj 

Iront of it, and here also the floor may be composed of clay, yf 

the beach is broad, it is apt to be broken up in a number of ridg* 

(".fig. 8), Indeed, some of the larger and more important bea. 

marlt the recession of the waters by being separated into several rid, 

often at considerable distances apart, each a few feet below the precod 
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tW may be narrow witb t*»* ^^'^'^s «'"«« together. In ^ 
the old shores beWnd these p'^^s rise and extend across tlj^ »>> ^^g 
«>nspicuo«B raogcB of hUlfl- ^he plaios themselves ape ^ ^<>xia(' 
eroded by Btreams, until tbe whole country is very ^fo\^J^^io* 
more likely to be the ease with terraces of the greater a^J*- fJ 
l^re the more recent surface erosion has often rendered ^/■'*<ie0^ 
shore lines bard to follow. ^ ^"^ 

In crossing a series of beaches, the lowest is foand to ^^ 
of the finest gra yd, or indeed perhaps of sand. In this C^g^^'^'ap' 
^ be more or les^ heaped into dunes, hy the action of ipj^** i^ 
^dges are often divided, bnt the branches unite again, or el^^ ^- 
spits ending abroptly- Occasionally the materials from ■te,^?'*'d 
heacbes were formed was alony sand, i" phice of stony cl^y **^h 
then, the extinct water-margins are diffi'^'^'t to datermine, (' H* 
00 sharp lithological oharacter, as where » heach crosses aclaj, **»er< 
to mark the boundary between the sand heaeh, commoni-, }^'"^ 
into hammocks or dunes, and the frontal P'^i" composed of b^q^^H 

Many of the upper beaches overlie drift deposits, bnt tho^^ ' 

lower elevations are more likely to rest upon stratified clay-— ^> *" t 

^ents carried into the deepgj waters whilst the lakes were ^^ . _*ei 

altitudes. Tte character of the materials underlying the be^ l^^ 

''Ommonly the same as that forming the surface of the plain in ^ *s 

the ridges; but its structuw is best shown in sections expose^ y^ *** ' 

™bs(,qQgm grosioD where streams cutting through the ridges Crogf' " 

P ain. When such streams have been large rivers, as baa often i, 

the case, there may be some trouble in tracing the continuity q^. ^^ 

heach, especially across a broken country, as a poroon of the vali 

™ay be older than the beach, which may swing around and afei,,^ ~^ 

embayment, or form a bar across it. Or agwn, the beach may be q^, 

represented by conical or other shaped sand or gravel hills, which ^^^ 

delta depoalu at the mouth of former rivers. Such delU depogj,g 

may not rise to the level of the former body of water. 

With the varjing conditions here set forth, which the shore-iiQ^ 
nndergo, the traveler, in coasting around the old lakes, can rarely pj^ 
ceed more than a few miles without metting obstructions. When the 
heaches were a considerable distance apart, with perhaps only 50 ^^^ 
100 feet of difference in their altitudes, there is a liability of get- 
ting oS one series and upon another. Consequently it is often neces- 
*^y to resoit to accurate leveling allowing for reasonable variationa 
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^^yesome o/tAe l?on/deivare aug'a/sr A^^^ of Psleozolo jj ^^^' 
^^^ ^ndstozies o/ ^^^^^ ^^^^^ b gre^t proportion are J^^^t;o^\ 
^oois, wiiiob have ^^^^ transported from the Canadian J^j ^^ba^^^ 
^o^h of tbe great l^^^Sy to distances of sometimes 300 or io^^^Q^^^ 
^iese orystaiiine rods, nitiiougb so hard ^°d compact, have tj^ ^iZer^^ 
^^mies invariably removed. Blocks are frequently seen atalti^ ^^g^^ 
^^odreds of feet above their original sources. Throughout jr ^s a^ 
^^Rion, and the country north of the line of the Boutbern Htnif^ ^ hk^ 
"^A which 18 often fringed with them, the accumulation of 5^ ^ tb^ 
^® ^ot uniformly distributed. The country enclosed by that 1. ^^er0 
^^^^pied by sheets and ridges of drift materials, through ^hj^f ^ ^^ 
^"ojacent rocks occasionaJJjr protrude. Again, tiiese pJaios an^j ^he 
^*^e their surfaces moulded by the action of the waves of va^jj ^^^ 


o/^y^ 


^^^ or shrunken lates, often fashioning the region into ^ ^^^^^ 
cession of broad terrace flats and hilly coast lines. It is ,.®^®" 
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* surfaces of these moulded features that the boulder^ ** 

found. Whilst there are vast areas where there is not a si^^J"® 
stone to be seen, and others where only an occasional block occu^g 
dropped down from some meteoric source, there are other iocali^- ^ 
literally go covered with large boulders as to prevent a^rricultural p^®^ 
suits. These boulder accumulations are superficial and do not p^^ 
trate the subjacent earths. They occur along certain zones, outsicj^ " 
which they are not fonnd. 

The presence of these surface boulder accumulatious has been xxio^^ 
commonly explained alike by those who believe in the glacial origij^ ^^ 
the drift and those who do not, as having been dropped by melting 
icebergs at the close of the drift epoch. A few glacialists regard 
tflese boulders as having been deposited from glaciers where they now 
'■est. It 2,as also been hinted that they have been left upon the bills^ 
^ the finer materials of the boulder drift have been washed away by 
^^^ospheric agencies; but it was only since the recent systematic 
studies of the high-level beaches compsLred with modem lake shores, 
iave been made that the natural expi^^^^^^^ ^^ boulder pavements 
and distribution of erratics become poB^^^^' 
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Plete. CoaBt-i<je has ISfW^ *° imporWnt part in the af^^^t 
of the paring gtones The «'*^^*' *<=ti''g "P"" *^^ co^s'-ie^, &e 
^cmldera have been entangled- cauae the atones to be force^ ^h, 
J^o"* regular zones as to height, than wonld be affeote^ J»|> 
residuary deposition alone, as just described. Blocks of larg^ ^^^ 
t'lis be moved, not merely by the heaving action of mode^^ *J« 
h^^t by the action of coast-ice itself; for boulders upon the m^^ *»" 
^^ St. Lawreince river, weighing 70 tona, are known to h^-^^**> 
shifted by the spring movements of a winter's ice. Again, tb« ^ 
has seen npon go^ie of the shores of Shoal lake, in Manitoba, aj^^ 
»» a flat drift-covered country, modern beaches composed qj '^ 
boulderB, piled up by the waves of the 1»^^ acting upon the j 
■which the atones were enclosed, as otherwise blocks four or ^j^ ' 
Jong could not be gathered from the shorea of the lake and ac^ 
Z»ted into beach ridges, nor could they h»ve been residual P^v^j^ 
»« above described, for no high shores of boulder clay oocu^ ! 
tfbich the waves could have made eneroachmenta. 

■'^0 excellent illustration of the modern formation of bouldep p 
0»«ntB and fringes may be seen upon the shores of Georgian j^ 
between Thombnry and Collingwood, as shown in Plate II, ^ 
There the lake wavea are encroaching upon a shore composetj 
bonlder clay. The larger stones standing out in the water ar© ^ 
heavy to be materially affected by the waves or ice action. ExceH^ 
illustrations of boulder zones are found a short disunce from ^y 
locality, at an elevation of 137 feet above the lake, as ahowj, 
Flat* II, fig, 10 

Other examples of fringes of boulders high above any mode] 
wattrs may be seen a few miles beyond the eastern end of Lai 
Ontario. The same is true upon the northern aide of the lake, as f ^ 
example, back of Trenton and westward; these are parts of and i 
front of the finer gravels of an old beach, now more than 400 f^^ 
abo»e the hike. Westward of Toronto, where the old sborea are o 
Faleoioio rocks, in place of drift, the boolder pavements disappea 
from the front of the beach. 

Upon the steep hillsides, as long the Mahonrog valley, near tht 
CTOBMng of the Ohio-Pennsylvania line, there are zones thickly covered 
with boolders. There we fin^ the records of old water-margins, ai 
"»«ll as in the pavements associated witli the well marked beaches 
and shorfroliffs facing the lake baans. ^h* *°*' materials have been 
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fieiclayB.orW„,aea in tS^^'^^* "««-•;;«-- ^;; 
wcient shotea already da»^"'^*'' ^""^ f''"'""''^ ?"" 
"d *anaB should be noticea, «>"« of which «« covere< 
«lay of the upper till: ,, ,, 

A- "^l^^ gravels and mndB^ftick are ^""^ **^''' 

<'ep08i(8.-TheBe in»y be d'*'''*'^ *»to (*) ^""^^ ^ 
or lesB irregular beds and ridgea of gravel and aand, 
t««Me, having » "^o" <"■ '^^ tumalt'"'"8 structu 
^neath accumulatioDs of t^« i^Pper till. 

^wounds and p(«inc— These are in the fo™* o^ («) *•: 
andkames; (6^ other ridges and moanda r^*^™^'^"S th« 
a position correBpopding to that of beaches, in front ( 
plains or drift hills, or of the accumnl»"onB includec 
^"d (c) gravel plaioB 

A a,— Hitherto, the buried beaches have not been dii 
other beaa of gravel and sand intercalated within the 
■As such accomulationB, whose Blructure is tl^e same a 
beaches, are only exposed in seotions out through tht 
^y Btreama or artificial excavationB, all of the knowle 
present, hope to acquire, is the reeogniUon that thi 
°ow covered by dritt, older than ihose upon the surfat 
^hen beds of gravel and sand are met with in boring 
possible to distinguish thoae which are buried beat 
which are intercalated with drift deposils. The strucl 
l«whe8 does not show that tumultuous crumpling, so < 
iextkiudo[accutQ«latiou<{AJ). losomeplicesthe 
cemented into conglomerates. Thin laj era of stony 
the upper till, which covers vast areas of the oountrj 
lake region, often rest comformably upon the undi 
oE the buried beaches, that may have a thickness of twi 
Eicellenl examples of buried beaches may be see 
Sable river, southeast of Lake Huron, where the overl 
only four or six feet thick. When the covering 
a liability of mistaking these older beds for those 
heaoh epoch proper. 

A 6.— The internal structure of thifl kind of gravel 
shows stratification, which may be regular in one pb 
wwn become lumullnous, that is, the beds become 
twisted, and confused. The materials are apt to be 
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atony clay, the result of wbicb has been tb^ form^wo^ of beach ridges 
of sand and gravel, separated by plains of silt or clay soil. I^ ^^^^ 
cases, these floors slope so gently as to appear leV^l and from ^^^ ^^ 
five or six miles may intervene between succe^^^ve beaches, whose 
altitudes do not differ by more than 50 or 60 feet. The silt on these 
pUins is that which was washed out into the deeper water, by the 
Resorting action of the waves that were building sand or gravel beaches 
^ front of their coast line, composed of the older stony clay. Jq g^^j^ 
^^ses, the lithologioal recognition is striking. tTpon surveying^ ^he 
^^aches are all found to rise in altitude toward the north and east 
^th a slightly increasing divergence between the ridges in the same 
^^^ection, for the differential uplift has always been greater toward the 
^^^heast, than in the opposite direction. 

'I'be methods of investigation have been similar to those pursued in 
tbe survey of the Iroquois Beach . Boulder pavements are rather more 
^Portant features of the Algonquin Beach than of the Iroquois, 
^^o^t the head pf Georgian Bay the country is sandy. East of 
^^oi-gian Bay, there is the same kind of broken wilderness as that 
^Jtiong the Archsen rocks of the Adirondack Mountains of New York, 
^^^^ more or less stony sand in place of stony clay: 

The waves of the lake are encroaching upon the eastern coast of 
^^on, and consequently modern beach-making is not a characteristic 
^^ture, except in proximity to the mouths of some streams or in 
fili^ltered places, where terraces or bars are constructed. The encroach- 
^®^t8 of the lake upon the land have washed away, in many places, the 
^ttffs^upon which the Algonqu jt^ ^^^}^ rests. But a sufficient number 

• The name was first priced In Ptoc A. A. A..S., p. 199. 1888. 
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™^n rate of warping '^ *^® Algonquin Beach, from the southern end 
of the lake to near Southampton, is 1.33 feet per mile; of the next 
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ll 


™« °o the map. The gravel ndge at i*-" ° ,;" „/ ''"'^y P*'' ^^ 
*^« ^each, a8 the mean rate of northern ri^ ^o"!^ reP'esent its position 
near this t) *nt 
^^^ comparison witli the Algonquin ^«*«h, the positions and the 

elevations of the two next higher hea^hes, east ot X.ake Huron, are 
given in ^g^ 14, and the tables of eleV^^ons ^^^ ^^re added. Of 

nextheach, at or near: 

ftit above the lea 

^^^««t ••.. 720 (Spencer.) 

Parkhill, east of •••• *86 

Bayfield, east of • • • • *67 a 

Ripley 813 cc 

^alkerton (terrace) 825 <. 

•Paisley (terrace) 860 « 

^^I'goyne (east of Southampton) 876 « 

^ckford, north of 915 « j ^^ 

^^nh coast of Lake Simcoe (probahly that) on the ' f 

^^sular ridge, north of Barrie 910 « (j 

_^f the second beach, above the Algonquin at or near: I i' I 

Watford ..; 773 - ' ' " 

^^sa Craig '/ 789 

^^^ 845(+)<< 

^alkerton 944 " 

^^atsworth [ 985 " 

A still higher beach has been surveyed for many miles, and several 
^gments of even more elevated shores are now well identified. Some 
^ ^iiese upper beaches have been traced over long distances, and have t 

. ^ found resting upon the land north of Lake Erie, and even extend- 
^^g to the high country between Lake Ontario and Georgian Bay. 

^rom the figures recorded in the three tables, it will be found that the 
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^^P^^BBio,, in which Lake Nipiasbg Ues- /^^.^"^^^^^ ^^^-^ d 

^^ ^^» Ct^bove the sea. Beaches ani *^^« ^^'^l ''^" 

^P^^ *e u^d Borih of the lakes, and I b^^^ seen Buch ^p^^ ^^ 

and Mackinac Island. But they have not been directly connect 

^^ more southern beaches. Consequentlj^. ^11 deductions, in th 

o! the lake involving that district, mtt^t be 6^^e^^hat pro^ 

I'rom the cbaracter of the terrestrial rise iflcreasitJg towards the 

is probable that there are no depressions north of I^ake Huror 

than the plain of the Algonquin Beach. This b^^ch (by cal( 

from the mean rate of rise) should be found in the vicinity c 

Nipisang, at the from 600 to 700 fett above that depression. 

Combiniog the Canadiin series of beaches about the upper lafc 
Corresponding series on the southern side of the lakes (my sui 
^hose in Michigan appears in chapter VII), I find that there has 
differential elevation, since the Algonquin episode, betwee 
s^^them end of Lake Michigan and the vicinity of Grand Be 
^*ke Huron, amounting to about 290 feet. Hence, we know t] 
"^gonquin plain was down to a level, at least, of less than 8( 
fl^ove the sea. By^a triple series of calculations, the Algonquin 
^8 found to have had a position somewhat less than 300 feet abc 
^'^quois plain. The Algonquin water filled the Huron basin to 
* mile or two of its southern end, where the beach is now subn 
^ about 20 feet, (calculated). Hence, the waters did not flow 
^^dern St. Clair River to the south. At the time a considerabl 
^f the southern end of I^ake Michigan was laid dry, as the 
l^^unding the Algonquin water should now be submerged to 2J 
^®low the waters at head of lake. But the northern part < 
Mi^'higan and Huron basins was filled to an elevation far abov< 
present surface, as the basins had not yet received that great 

* Geology of Canada, 1863. 
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its fl^oV in Short the outlet was a t>-d r^V"'^^ 

toq^ois ein, or Uke the modern connecUons .^^^^^^^ U^, 1 

^"^^ Hufon and Georgian Bay, .^lesB i^e ^asin ^^ closed b 

^^* that of ice. The case is not settled so easUy as thai 

Ontario basin, for we have not yet **« instrum^iitally m, 

pTOoi that the Algonquin plain was lower than 3^0 leet above 

although it probably was, and against which probability ther 

the slightest evidence, for we do notkno^ what ^fs the initial 

upward movement. Without applying the obje^^^ons made t 

dam closing the Ontario basin during the Iroquois episod 

examine some conditions of the Algonquin basia. 

The Algonquin plain stood at an elevation of about 800 fee 

the sea, when the lower Iroquois Beach commenced its growth. 

^ts waters held up to that altitude by an ice dam, or had they g" 

to the lower level ( which, however, would not have dismc 

the upper lake ) and where they connected with Gulf of Iroqu 

strait 300 ;3r 400 feet deep, like the modern outlet of Lake Mii 

^P to this time, there had not been any warping to separ 

^*ke basins, for the greater part of the barriers has been uplift 

tbe episodes of the Algonquin and Iroquois Beaches. I hav< 

that the greater proportion of the differential movement, even 

^%her beaches about Lake Erie has been since the Iroquois ej 

■^the earlier part of this paper, it has also been shown that 1 

the warping of the beaches, east of Lake Huron, has been si 

^gonqain episode. Now these higher beaches are identical wit 

^^th of Lake Erie, whose movement have been compared wit 

^^ the Iroquois Beach. Hence, it is not difficult to understai 

the unequal uplift of both the Algonquin and Iroquois plains h; 

Baostly, ginee the completion of the latter beach. I gpeak ( 

^he differential movements that have deformed the old water 
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formation of the Iroquoia Be^ch," etc. Am. Jour.. Sc., vol. x, page 4*3. 
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' this warping ' 


B. 
feet per 


— 1> nortb^^ j= „ , "^'B warping 

"^e ae it i^A r? ""^ ^8t, wi.h the direction of the maximuo, 
•">* detenu**'*' ^^ harping is in ha"""")' with the deformation of 
^e Iroquois ^ ' '" *•>« «ime region, b^'^S o^i'^ ^g'""? >» esceas, 
Mit should ^^ ^^ attempt has beeO made to explore the extreme 
eastern and ti^thern portions of the Forest Beach, around the island of 
tiie ProYiDce "* Ontario. 

The Arh<^'^ ^eacA.— Thig beach is '«** perfect than the Forest 
Beach. It *** Pwounent at Arkona, rises to 789 feet east of Ailsa 
Crwg, passes •>? Varna and Ripley, and near Walkerton has an eleva- 
tion of 94* ****" At Chatawonh, the spit across the valley at 985 feet, 
probaWy 1>«'°°S^ to this shore-line. No further explorations have been 
made i" •*'* ^"^ction. Southwest of Arkona, the beach has an eleva- 
tion of ''' ^^^^ *t Waterford ; 754, on a river terrace near Komoko ; 
?3C (?) »t Taylor ; 775^ ^j, ^^^ ^^^/g ^^ gt_ Thomas ; 793 at Comith ; 
""""" ^" ' " e are shore remains, at 903 feet 

9:0, and at Stouffville, a gravel 
t. These latter fragments may 
1. Bat these biet named sbore- 
of deserted water-lines even if 
1. This beach is imperfectly 
ed, like other shore-lines, in the 
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^^ the lak^^' t^^ ""^ ^^^ deserted water-margins a^e more recent than 
^'^^ drift d^f ' ^"^^ 8ome of them are cut out of the third series of 
^^> ^hicJ^ TJw'J^^^'' and plains of much of the highlands of 

Ontario ^^f, ^'8^1*^^8 of the peninsula then rose up as a growing 

i»Wd out of ^' ^J^^^^g Warren water. 
'The ^oei^^^^. '^^a«ve heights of the beaches of the two sides of 

^^^ St. C\»i^ *'® ^^^ in the following section, which represents 






^o ^^-Bection acro«B St. Clair T»Uey. 

a profile across them along a nearly east and west line. Making allow- 
ance for the terrestrial deformation between the beaches themselves, it 
^111 be readily seen that there is only a slightly greater amount of rise 
between members of the series upon the eastern side than upon the 
'^ester^* *°, ^® is in harmony with all the observations elsewhere 
^bout t^^ ^^' Hence, I have been forced to accept the identity of 
the two ^®f® ^° the opposite sides of the St. Clair river, as there are no 
^^port^^* ^^ ®^ening shore-markings on the plains between the named 
^dges, a-l**^^^^^ those upon the western side are more sandy than on 
tbe east^^' 

The ^or^^ beach skirts the plains at the head of Saginaw Bay and 
passes ^ro^°^ ^^^ thm^b of Michigan. 

Feet above the sea. 

S'ive mile^ ^®^* ^^ I^ort Huron dunv beach with elevation of, 666 

East of P^'^^^® '..... 668 

Sylvania • 663 

East of pefia^<^ (Gilbert) .!....!.! 653 

^Weland * [ * 673 (bar.) 

Madison . • 680 

Sheridan Centre, N. Y. (Gilbert) .*' • ^^^ 

Crittenden, N. Y. (Gilbert) !!.. 860 

The Arkona beach has an elevation of- 

wodall, near 597 

I>enton ' ' 594 

Blissfield (ridge duny) . ^ ^ * * * * 594 

Cleveland * ' 708 

A record of this shore-line is more meagre than the last. Both of 
these beaches have been more or less surveyed in Ohio by the late 
geological Survey of that State,* and Mr. G. g. Gilbert has m easured 

Ctetrtogy of Ohio, Tol. i, map, p. stf. 
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^f loo feet ^^7 ^^'^^kes, although the land rise^ «^any hundred feet 
^^ l>oth sia^^' . , ^' f^^m even west of Pewatrxo the low embay, 
^^^^t ^iaeti^ ^ ,^ ^^^ broad flat plai"« ^t the head of Saginaw 
^^y- But tl>^'!,r*^^«> ^or half their leng^^> are drained to the west 
^y the Gr^^^ Q '' although they were formerly the floor of the 
^"^^V enlar^^ ^agmaw Bay. Hence, the topography shows the 
reversal of tl*^ ^^f^^^ge, by a Jiight uplift towards the east and north, 
which in tb0 ?S^^^ of Pewamo amounts to about a foot per mile. 
This rise coO*^'^^^® to Chapin^ whence the beach rises towards the 
northeast and passes around the thumb of Michigan, and descends to 
about a mile ^ast of Emmett. From the crossing of the beach, east of 
Ypsilanti, to I^^nawee, there is no terrestrial warping as shown by 
instrumental i^^^asurements. The occurrence of this beach, although 
not identified throughout any distance, was described by Prof. A. 
^V'inchen-* ^^^^ Lenawee, the Ridgeway Beach extends into Ohio, 
^^d heoot^^^ identical with the beach of the Maumee Valley, called by 
^r. Gilb^^ number three f Thence it extends eastward with natural 
iiiterrupti^"®* ^^^m Ohio it has been traced into New York by Mr. 
Gilbert. '^^^ P^^ion south of the western half of the lake practically 
"^^owg no <J^^^™ation, but between Madison and Sheridan Centre, it 
^^ses abotit * ^^^ mile, while the lower, or Forest Beach rises in the 

®^me di&t^^^^ ^° y about three-quarters of a foot, although eastward 
^^ that V^^^^^ . ^^^^ darned beach rises two feet per mile. 

-^t the bead of the Maumee valley, a fragment of beach, about 30 

^^^t higher ^^^^ *® Ridgeway Beach, ^as described in the Geology 

^^ Ohio. J "^^^^ l^^^ever, is only occasionally met with. A beach at 

^^and Rapi^®' ^^dh,^ at Voo feet and a terrace near Allegan at 689, 

^ay be the equivalent of that in Ohio. 

^e Mait^^^ Beaoh. _ This is the next highest of the well defined 

beaches wliieb have been studied. That, at 42 feet above the lake at 

Ohicago, is probably identical with the beach, which has been traced 

^rom the southeastern side of the lake, as it is in the topographical 

position in which we would expect to find it. But the country is very 

sandy and duny. 

The beach is identical with Mr. Gilbert's number one at the head of 

the Maumee valley, and hence the suitability of the name. When the 

water was at this level, Mr. Gilbert regarded the outflow of the lake as by 

the Wabash River. The divide, at the head of this river, from the 

Mau mee drainage was nea rly 60 feet below its surface^ But it was 

♦Geology of Washtenaw County, by A. Winchell, 1881. 
tGteology of OWo, map, p. 549 jn^j^ 

SGteology of Ohio, vol. t., p, g^j 
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^•«A^ ^^1 ^''»"- There were ebeets of water preceding the 
M^^^-'?*' '' ^""^ *«'««« the higher lands oi Michigan the« ar« 
^^Ze t'^^*' "^^ ^"^^ '^^^ or plains of ten covered xn part with gravel 
ftoo^ A i'' P*'* ^*^ sUt Thev are the exact counterpart of the 
PW; Z f ^^"* '^ ^'^^ l°^«r beaches, ^^bough more eroded by the 
«tt.aL c«t*V"f ^"^" *° *^« lower levels- Thus extending from the 
vicinHy of ^ ""^^^^o there is an extensive plain, with a floor of we 11- 
Tonnded ^^^'^' ^^"°^«^ on the south by ridges but with a generally 
open and a^s^ending countrv to the north. On this plain I have 
Wed for forty mUes to eastward of Marshall, and could see in it no 
other history than that of the bottom of some bay m front of ndges 
of drift bills towards the south. The barometric height taken from 
the station »t Kalamazoo gives the plain or terrace an elevation of 912 
feet above the sea. Farther east the measurements reached 944 
feet lo *® ^*lleys, there are lower river terraces probably correspond- 
ing to tbe Maumee Beach. The amount of warping in the region is 
very little- It has also been noted that there is scarcely any deforma- 
tion s^"*'' "* ^^® Erie until passing eastward of Madison, Ohio. It 
is ^eU If »own that there are at least four troughs in Ohio connectmg 
the Erie "^''^^^ ^th that of the Ohio River, having summit floors at 
«levatio''^ "* l'«tween 909 and 940 feet above the sea, composed of 
4rif t ro»^^^^' "^"^^ tbat there are terraces at the northern end of these 
vaUeys * '"'^ terraces at the head of the Mahoning vaUey is a good 
example. ^* '® Probable that the gravel plains of Michigan and the 
<»rraL '^^ ^^'**' **onnected with these meridional troughs, are identical 
in age ^''* ^''^ ^8 room for investigation. In Michigan there are 
other and bigber gravel flats than those just referred to, 

Professor Ron»inger records beacb-like deposits at 1,682 feet above 

the sea oo ^^"^ ^^S^^^et lands near the northern part of the lower penm- 

«««la of Mi^^'San . \ Professor E. Desor noticed other similar deposits 

at considerable elevations in the northern peninsula of that State-J 

Mr. A. Murray long ago reported a series of beaches on the northern 

side of Lake Superior.? Professor H. Y. Hind observed terraces at 

Great Dog PorUge, north of the same lake at 1,485 feeti Other 

beaches at 1,100 feet have been reported in Wisconsin. None of these 

have I seen, and do not know which of them, except those north of 

Superior, belong to true beaches, for I have ev erywhere had to distin- 

• Q«olog7 of Ohio, TOL U, p. 47. 
t Q«olog7 ot Michigan, toI. ill, p jg 

tSee Bwdm, etc., between Lake^uich. and Sup., by B. P<*0P "" *■«*« "4 WMtiiey'* 
Beport, vol. U. 
i Qeology ot OwuwU tor 186S. 

Bepoit upon AMinlboine aod Saakatoheirui Bxpedltloa, 18St. P- ^^ 
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chapteH viii. 

:PoBt':E'^^^®*^^®^® Subsidence Versus Glacial Dams.* 

CSee map, flg. 15» ?•«• ''^'^ 

Gbneral Continental Oscillations. 

The gro^i"^ interest in the evolution of the continent now calls for 
more accurate information ^^^^ formerly, regarding the changes of 
level of la»^ *^* sea in recent geological times. As these oscillations 
constituted some of the most important factors in the building of the 
Great I^»^®®' ^^^ study of their history has contributed to our knowl- 
edge oi *^® ^^f ^ging relations of the continent and the sea. 

Vrot^ i^^^^^^gation of the submerged channels along the American 
<^oast, i* ^^ ^^^^ ®^<>wn that the continent was greatly elevated dur- 
*^g mtf^^ ®^^?^ ^^ epochs intervening between the middle Miocene and 
^l^e early ^^.^^^^^^eue periods. The elevation of the land was over 
^>0oo ie^^ b^gh^^r than now, and probably reached for a short time to 
over ,fiOO f ^^^-t 

This el^^^^^ ^^^<iltion of the continent was followed by a depres- 
sion of tl^^ ^^^^ ^^ far below the present altitude before the upward 
^ovemeti* produced the now existing condition. There may have 
been mot-e than one episode of elevation and depression ; but the prob- 
lem that >^^ ®®®^ ^^ solve is, What was «^« maximum depression of 
^he later 0'^^o<^e times^ after the great beds of boulder clay were 
formed; io^ the great elevation was shortly before that period ? 

Most geologists are ready to accept the high continental elevation, 

W there are differences of opinion respecting the amount of the sub- 

^dence. Although many have their own views upon this subject, few 

serious attempts have been made to solve the problem uncolored by 

theory. 

EVIDBNCB OF RkcBNT RbGIONAL EMERGENCE. 

We must seek for the evidence of the recent regional submergence 
in the remains of old shore-lines such as beaches, terraces and sea- 

♦Reprinted from Bull. Gbol. Soo. Am., vol. U, pp. 4e6-476. 18^- 

+ " The High Continental Elevation preceding the Pleistocene Period/' by J. w. Spencer; 
Bull. Qeol. Soc. Am., vol. 1, 1880, pp. 65-70. 
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e Huron," by J.W.Spencer: Am. 


Preclude tl^^'' .^"""^^^ion i^ ^^^g^^^ i^kes. Suob conditions exist in 
^^tario ^ 'f^i ^""^ ^^io, where extensive surveys have been made. 
"The \o^^^ f ^ ^^^es, as the Ridgeway beach,* hke those before 
^^tued, ^^^^ ^^^^ *^^^t bodies of ^a*®^ "^^^^^ ^P^°^^ ^^^7 toward 
^^^ north ^^.f ?* ^""^^ ascending a Uttle higher, the Maumee beachf 
^^^urs at ^1*. ®® ^Wch permitted its fonnation in water having free 
^^^uiunic^^^^^ ^^ ^h® Ohio and Mississippi valleys by two depressions, 
^^ove tbi^ 'P^^^ ^^^^^ are higher gravel terraces and plains in Michi- 
gan and el^^^^®^®> notably those between Kalamazoo and Marshall, 
witb an ele^**^^^ of a little more than 900 feet above the sea. From 
them the o^nntry fajlg a^^y by step9 toward the lakes; but the sheet 
of water "vrmch they once bounded had at least five connections 
with the drainage of the Mississippi system. Other higher terraces 
about more insular points are found in the same region, and farther 
north, i^ Michigan^ they are said to occur on the summit of the highest 
land east of (*rand Traverse bay, at 1,682 feet above tide. 

In Ontario there are well-marked sea-cliffs, carved out of the Niagara 
escarp^^'^*' ^ Westward of Collingwood, especially at elevations of 
from J^^ , /^^^ feet above tide. At various intervals between the 
plain ^ ^ 1 ^onquin beach and the highest land of the peninsula 
(1,709 f^^ rr^i^^^ ^^^ also terrace and beach deposits moulded out of 
the drif *• .®®® J'emnants of shores are seen to withm 20 feet of 
the higl^^^* ^^^^^ of land. The shore markings of these elevated lands 
are reU^^^ ^^^^ certain by the perfect water-worn stones, and the 
^3ctent ^* ® oeach and terrace structure. The sea-cliffs are too 
deeply graven to represent evanescent coast lines. But all of these 
records ^^® ^^^'^^pted, owing to the topography of tbe country, 

erosion l>y atmospheric agencies and the recent Pleistocene deforma- 
tion of tbe region. 

Some of the positions of the surveyed coast lines are shown in the 
niap, page 75; but for the detailed list of localities reference 
should be made to a paper on « High level shores in the region of the 
Oreat Lakes and their deformation."! 

Again at Dog Lake, north of Lake Superior, Professor H. Y. Hind 
observed terraces at 1,425 feet above the sea.§ 

A.fter allowing for all the measurable Pleistocene and recent defor- 
mation of the region, these elevated shores stand so high above every 
natural barrier, even£ arawav toward the south as well as toward the 

♦"High Level Shores in the Reg,^^ ^^ ^^ Q^eat Lakes and their Deformation,- by"jrw. 
Spencer, Am. Journ. Scl., vol. xli igoi n 207 
tlbid.,p.208. **> , 1891. p. -W7. 

t Loc cit. 

S AssiaibDlne and Saskatchewan Expedition. 1869. p. I80. 
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High TiS»»^^^»- 
that 0^^^"'^''^^ ^^^ though of Seneca lake ^i^h the Susauehanna 

""^Su^^ ^^'^'''* '^^^^<^e8 have been noted by Professor I. C. White 

aWtb^ ''^^'' ^"'^^^e valley facing the AtlaDtic, and along the 

Miacent t^^^^^^^'^^« ^^ the Monongabela, which dram to the westward. 

These aeP^''*' ^^ ^^^^d up to an elevation of 1,676 feet above the sea, 

and 175 f ^^^ *^^^^ ^^« valley, along a tributary creek above St. George, 

West Vi^^'°'^-* 

At l^aol^^^^' in Labrador Dr Robert Bell found beaches of great 
distinctness at 1,500 feet above the sea. Gravel and shingle terraces 
were abo f ^^nd to an enimated height of 2,000 feet.f 

It has already been noted that the differential rise of the Iroquois 
beach, north of the Adirondack mountains, amounts to seven feet per 
mile, a»^ ^^^^ it has there been lifted to a thousand feet. If this rise 
<jonti^^®® *^ the White mountains, then the equivalent of the Iroquois 
beacb "^*y ^^ found among the terraces of the high valleys in that 
reoioi^' ^^^ ^^cords may be preserved still further northeastward on 
the ariftcovered sides of Mount Katahdin in Maine. Mount Deserti- 
on the ooast of jviaine, rises to 1,500 feet,t and shows remnants of coast 
actioii ^ '^^ sumi^i^. eonsequentlv it is too low to bear records of the 
Iroqxxoi^ ®^^^®> Unless the warping of the earth's crust becomes one of 

depreS^^^^ T^^ ^f the Adirondacks. 

In Ontario, sonae of the high shored, referred to above, occur at eleva- 
tions oi 1'^^^ feet above the Iroquois plain; therefore, their equivalents 
in the li^rthern Adirondacks should be looked for at about 2,000 feet 
above ti^^- ^^^ beaches reported in Vermont by Professor Hitchcock 
at or bel^w 2,300 feet, doubtless correspond to some high sbore-lines of 
the Ont^^^^ peninsula. Upon the same basis these high beaches should 
be looked f^^ ^t 3,000 feet in the White mountains, and at greater 
elevation^ en Mount Katahdin in Maine. 

If we regard the gravels of the highlands of Pennsylvania as having 

been formed at sea-level, then it would be reasonable to look for their 

counterparts in Kew Hampshire, at elevations of over 4,000 feet on 

Mount Washington and to the' summit of the drift (4,400 feet) on 

Mount Katahdin. These conjectural estimates, based upon a possible 

uniformity, may aid in the corelation of the topographic features of the 

mountain region of th e east with the lake re gion. 

r ♦" Rounded Bjuldera at High Altltadea," by I. C. White: A.m. Journ. Sci., vol. xrrlr, 1887, 
pp. 875-381. 

tRept. Geol. Surv. Can., 1885, DD, p. 8; and Bull. Geol. &oc. A^» ▼ol- 1. 1889, p. 808. 

t" Geology of Mount Desert," by N. S. Shaler; 9th Ann. Bep** ^' ^' 0«ol. Surv., 1888, p. 998. 
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Mthoat <^fy^^ any ^^^^ ^^^^i„s. Even ^^^ere marine Pleisto- 
<^ene be^^ r '''''''^ '''' ^^^ c^^^t of Kor^ay there are very fe^ localities 
^here S^^.yT *''^''^- How many of the older geological formations 

^^prescti*^ . ^^^eWerates, porous sandstones, and indeed many 

^lays, aJ*^ ef ^^""ely barren ? Under such conditions have we a right to 

pronono^^ j^^gment on the freshness of waters based on the absence of 

aqueous o^?!^^^^ remains ? This question will be referred to again in 

considerii^^ ^^® glacial dam theory. 

As to tb® personal equation, it ought not to pass beyond the limit 
of conservatism, but it is q^i^e proper that it should be considered; for, 
lis Professor Geikie has said " when controversy ceases the interest in 
the investigation declines. '> ' 

GrLAClAL DaMS CoKSIDKBBD. 

^l^cial lakes are of two kinds : those whose waters are retained by 
mor^^"*^ '^ers ; and others sustained by ice barriers alone. 

f^e former class is represented in several valleys in the Alps, where 
lat^r^* ^ aciers enter and cross greater valleys ; sometimes the glacier 
carri^^ ^ ^ ateral moraine across the valley and builds a more or less 
perm^^^^ earth dam. Such lakes remain long after the glacier has 
melted away, and even when drained show evidence of their origin. 
A con^^^^^^^^^^ of this class of glacial lakes does not enter into the 
Bubject of this paper. 

In Switzerland, Greenland and Alaska other glacial dams are now 

W^ell k^own. These are retained by the ice alone. When glaciers, 

free f r^^ morainic materials, descend lateral valleys and across other 

valleyB* ^^^ ^o not obstruct the rivers, for they continue to flow 

beneatli the ice. However, there are many places where glacial lakes 

occur between the ice and the sides of the valleys; especially ig this 

the case where two glaciers meet at the end of a mountain spur, like 

Lac Tacul in Switzerland. Small glacial lakes, like the Marjelen-see, 

sometimes occur ^i^^re lateral valleys unite with the glacier-fiUed 

channels. AH modern glacial lakes are of small size. One of the 

largest lakes described in Greenland is not over three or four miles 

long and a mile wide. Such lakes, when they exist above sea level, are 

evanscent. Mr. H. Topham described some glacial lakes of Alaska 

which discharge by a tunnel, eight miles long, under 500 feet of ice. 

Mr. I. C. Russell makes similar reports. The outflowing waters 

enlarge the tunnels, thereby draining the lakes; but the ice roofs fall 

in, and by the accumulation of ice blocks the tunnel becomes temporarily 
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cuttei^^'^r.^'^^K requiring centuries oT millenmu„,s of time, 
could V,fy ''^^ ^^-^ foLd Except at sea-level 

If tl^^ ^^''''T'' beach of the upper lakes were formed in a glacial 


Uke,tb^^ 


^eachea ^^^ ""' ^^^ ^""^ ^^^^^^^ ^^^ ''''^''' ""^ ^^'^ '''^''* '^''' '*'*'''^«' 
^ust ba<^ ^°^^^ the ice, and have amounted to a discharge equal 

to that ^^ 1"^® ^^^^""^ I>etroit river, as the discharge of Lake Superior, 

Lake Mi^*^^^^^ *^^ I-ake Huron basins would have been thus borne 

seaward, descending 300 feet to the level of the Iroquois water. 

TJnder s^i^^ conditions, the question may be asked, How could the 

lake surf *^e ^e retained long enough at any level to carve out the 

deeply giraven water lines and terrace plains of the Algonquin beach, 

in place of the discharging ^vaters melting away the icy barriers, which 

were supposed to have been the means of retaining the lake 300 feet 

above the level of the Iroquois waters? 

^e now rise to the shores which bounded the Warren 
wat^^' "^^^^ I have explored from Lake Michigan to New 
Yorfc ^^^ ^^ the eastern portion of the Ontario peninsula. Under 
the ^l*^^*^"^am theory, this sheet of water would need a barrier 
to t^^ ^^^^ ^^ Well as to the east. The drainage of the lake, at 
all st^^^^' ^^^ the Ridgeway beach downward, was to the northeast, 
and b^^®. * greater hypothetical naass of ice than in the case of the 
AlgoiJ4^^° ^^ ^^<>quoi8 waters; but above the Ridgeway beach,* at the 
Maunti^^ \'^ there were outlets across Ohio and Illinois, if a lake it 
Were. '^^ ^^^culties are increasing- 

The ^^^re-markingg occurring at Kalamazoo, at about 900 feet abovd 

tide, represent a sheet of water having at least five outlets across Ohio 

and IlU^^^®' ^gain, the sea-cliffs of the Ontario peninsula, at from 

1,200 to ^^25 feet and more, and the beaches now found up to 1,689 

feet, wo^^^ demand great dams toward the south and west as well as 

toward tie north. B^^ ^^^^ ^^j^g could scarcely have existed with 

open waters carving out sea-cliffs and terraces on the high peninsula of 

Ontario, and also leaving records 200 miles southward. It should be 

noted that gravel deposits of the so-called kame and osar structures 

occur at all high levels; but of these I do not take cognizance. 

The drainage of the high country, such as the Genesee valley, with 
terraces up to 1,900 feet or more, and of the "terminal moraine,** up 
to 2,680 feet, was toward the north without obstruction. 
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High Lerri 8hore«^in the Begioo at the Gtvat Lakes t"^ ***•*"■ DoCoriiurttei," by J. W. 
Spenoer : Am. Joarn. Scl., toL xU, 18W, p. «7. 
tlhid.,11.906. 
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*«*-"°1h^^ •**"""*■ T rock M™»»™™'"'-'*'^ '■"«•««'" """H"""*- 
»"»»«' '^.^ MhHT" **"*«•; r mrltCKot lint; L. 0..mrtMe«( L.k. Ootario. BMIon 

data, fo*^"* ^ ^y the atody of Fonter'a flats. Their location is shown 
at F, fig"*^ ^'^ and the gtnictnres are further illustrated in figures 21 
and 29- 

The terrace (T^ represents the former level of the river (about IflO 
feet »b<»*^ . *® Ontario). It is the only feature of the kind in the 
*' " *^Qt 60-60 feet above the Iroquois level to which tbe 
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gded by itself past Foster's terrace, a diBtao"^ ot 
3,000 feet. Thus closed the first 
stage of the second episode. After 
paasing Foster's flats the ctasm 
_ . shows the efEecta of a greatly 
I I increased force, for the gorge is 
" again widened with the terrace 
1 1 a below washed away. Aa no change 

* 1 1 in the total height occurred about 

I jj a this time, the magnitude of the 
■^ 1 1 erosion indicates an increased dis- 
.- a I charge, which wa^ produced by the 

I I « turning of the wftt^** of the Huron 
3^3 hasin and adding them to the 

* I ? Niagara drainage, The effects of 
« 1 1 the greatly increaa^^ ^olame of the 
I 1 1 water were to wid^" the chasm and 

cut away part of F'^^^ter'a platform, 
b\it leaving enougU ^° tell the his- 
tory. The upper 


!il 


joined by the more raP'<'ly retreat- 
' ^i ing lower cascades ""**" *fter the 
f F * whirlpool was passedj f"*" the eri- 
! J I dence of the upper *^'*'f-level is 
I % "3 left in the deposits of ^^^^ gravels 
l"^ % at an elevation of IflO ^*^t on the 
ill northern side of tb^ whirlpool 
f.% J ravine, which would »*'' ''*'^« been 
I i I the case if the river w^r^ *t a lower 
\%\ level after cascading "^er one 
;|^| united falls. Just abo'^'^ the whirl- 
I I 8. " pool, the chasm beooni^^ Harrow, 
■^2 I and here I close the second stage 
I s 1 1 of this episode of three cascades. 
Ifl 1 1 The length of this section of the 
I III gorge from (C to D fig. 2*) is 7,000 
I 5 1 1 feet. By considering the propor- 
S ^ S I tional amount of work accomplished 
£ 3 S 1 during the elongation of the chasm, 
III the deepening of the gorge left 
!■ 1 5 I at the close of the first episode, and 
"S *■' J" I its extension 1 2 miles lakeward (the 
1 1 I 5 mean depth of shales removed from 
i 1 1 1 1 eight miles was 180 feet, and from 


112 Episodbb or 

four ^j^iies, tto feet), and applying 
th« ^TBt Btage required 6,000 y 
the ^xiratiou of the second episod 
^ird Episode.—The narrowe 
^^ whirlpool for a distance of 4, 
^^ the map in fig. 17. The v& 
^ ^^Id be compared. 


ij^J^- ^— Se^tlOB acroM theiutfTOW* jiwt i 
J^***«« tbert^or; r, surfMe of the river; : : 

^^ is at the site of the wl 

JE^arro^ cKaam, without any ini 

P^^g oyer the ahaly bed is that 

^P ^«et was concentrated in oi 

beigi^^ of 25 feet descending ii 

forc^ engaged in undermining 

*^^^^^^^on of the falls by deepei 

* P^tKseas more strongly broi 

^^ tile canon, immediately abo 

^^•^ aa wide ^ain. Such rw 

observations that increased de4 

^d decreased slope accelerate 

^^ the section near the end of 

the time of the retreat of the fj 

*® the fall of water amoonted 

^*y> and the volume was the 

*tion of this episode was 800 

-^hiirth Episode. — This is i 

**^ the Ontario ba^ so as to 

*^ct helow the repaids abov- 

"^ork: of this epoch was taker 





Epbodw or Niagara Fails. ^^^ 

^^ f the whirlpool rapids, a pheoomena eXp'*'"*'^ 

. the head ^f tjjg river being vertically dimiDisbe^ ""^ 
latt *'^^ ^"^ j--tl>e converse to the conditiODs of those of the third 
et.J '^ increaaed ^^^ in johnBon'a ridge offered great t0^^*^°^ 


J. ^^ *t JohnSMi-s ridp! (f f. flg. IT) ; *" O- »e*el ot Uke Onttrlo; 

«. II -Section Mrew the (P^ of riw; bottom of rirtrmteet '«''"'» surlioe of U» WtB 
• •««•«» of rl,™-; J, oMgl^ !,*»» 

on aocount of fj, ae*"! thickness of limestoH^* nevertheless the 

later^i erosion '"" '""''h^ *«oendai>cy over the ver0«t'. The section 
through Johnson- 'S 5,600 feetlong.and with t'.'^^ U»b of erosion 

the time neceesar ^ 'J^^ ^ *"* '" «"'^*' ^''"^"S'' " *''"^** *•« *''''"'' 
i,6ooyea«-thu8 ""^^^^ ^« first stage of the I**"- episode. The 
law stage is the ^ ^^"^^ ^-- t^^** s»°ce the cataract r^^'hed the Tona- 
raada basin sot,^*"*' ^^t**'^"'" "^S®' ''''°" "^"^ ^***"'' generally 


™ »<Jro^ _,.„.^ , _^ ,^t north of th8Horw«hOB fiUlB (OS, »({■ "^ ^' t-nnilT be*jt 

ap6at>«'*f'if *^o»t 80-ao feet lower than that on the ridge (se© fig. 34); 
yet tb« *^"***' JWBt north of the ridge is only 250 feet wider than through 
that t»»'""f ■ The drift filling the basin offered but little resistance to 
the i-eo«*'^°" *^f tha faUs and accordingly the rat* of retreat has been com- 
paratively rapid along this section of the river, which is 6,000 feet long. 

Coase<l"*"'''y ^ts age ig about 1,600 years. Thus the dnration of the 

fourth eP°J has b«en a.OOO years. 

^ffe <V_ '*«8 — Allowing 1,000 years for the duration of the river 

before ' ^ *dvent of the falls,— for that iu commencement was 

not cb^'^^terized by a cascade is shown by the terraces on 
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***; ^^g« of the 
infant, ri^^^ ***« esca 

'^^'^^h have hT *"^ '^' 

"^^ *« 0° the 8^ '**r^*" 

^^«- C^* "^ ^^5 al«o 

^ « the methods 
^^^-mocion o/ *Ae Age 

'idL*'^* ^eformatoiy eJei 
earaJTJ^ 24 feet al, 

silt^ - r* *** '^***'' *° ^ave 
of ttT^ ** ™''°^ "^O" for ^ 
feet ^^*^"* ^"*™* l«' 

1'hi '* ^* *"*' «t the n 

yea^*^*"*** « that of epii , 

obta- '^PP'J'"'8^ **« time j . 

^i» the results given bek i 

Ue rise of the A/gonqo/ 

r^««nt outlet of the lake j , 

"^^^^■nte to 660 feet * about i 

\j^J*»je «»»«« ot boUi IiOB4, „4 i , 
^r~^ft»«».nMig oJ Oe Virgin riw; ttb i 
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^ATIOH OF THE AgK OF NiAGAHa. PalIiS' 
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., . ^jjra Falls. Of this latter amount about 130 f^** ^*^® 

^ ® ^inh of *^**^jije waters were turned into the Niagara drainage, 
^^^'i lifted since ^ p^^p^^rtions. 

8«jn we get 80fl» Reformation of the Lundy and Iroquois l>«a«'^e8 
he ratios of tP ^^ ^^^^ ^^^ ^^j^^y y^^^^j^ aifferentially w'sed 

1 ftft * *^^ ^*"^' ra district, and the Iroquois beach deformed to 370 

»o«feetintheNiag»r ^^^ Ontario (compared with the level »* the 

eet near the outlet ot ^j^^ ^^ ^^^ j^^^^^.^ ^^.^^^^ ^^ j,^^^ 

^ea(t of the lake) since ^^^^ ^^^^^ ^^^^ ^^^^ ^^^^^^ ^^^^ 

tilery are data for comp»^ , CompUing the result derived from all 
from the papers already "* 
these data, it appears tb** ' 

A. The time which has el^V''{ t^ ''' '''''"' ^^''""^'^ "" "' '"" 
^^ ^^« first episode ^^'^'"^'^'^ 

(Ij From then ,^ti^^ «^^®^ J '\ ^^'^^^ 

(2) From the ^'"'^P'^^^^f^nnation recorded in th^ ^^oquoi^ 

beach* ^^^^<>f ^ -••'•. U,800 

(3) From the aV" \'xO^ recorded in the Lundf beachf, 

Mean result 
(\) Computed 1- ' * " ' '^ ^^ "Qxixoxi waters turned i»*^^ ^^e 

J^iagara 
/g) From the 1^ \x^ deformation of the Al^^^^^^^ 

(N- E.) ^^.7^'' <y^^^^ ^ith the computed ^^^ ^^ 

i outlet cotiiF 
tne rivert • ' 

(3) From the proportional Reformation of the AlgoO<I"i» 

upiitt^ ,^^ ,•... ••••• 

Mean result ' ' ' " ' 

(1) 5""^^^^^ age of Niagara river •;•• 

(2) -^^^^ ^^^ rate of deformation of Algonquin beach ^mce 

\^ commencement of Niagara river|| 28 , OOo 

Mean result 30,000 

These ^^"^P^tations were originally made not to seek for favorable 
evidence 1^^^ to discover discrepancies, for I did not expect that the 
data b^^ ®^ ^^rrelated with sufficient accuracy; but the several 

* A. dtft®*^**^ ^ ^^ ^^ 'e«t at the outlet of Lake Ontario divided by 2.6 feet a eenlury. 
t A. ri«® ^'.Ld ^\ *** *^® Niagara dirtrlct divided by 1 85 feet a century. 
X One 1*^ Iftar^^i^^*'^^ - Ave-hundred-slxtlethfl of 88,000 years. 

$ Tlilrte^**^ f eTtT ""' ^'^ (~« "•^ °^**^ 

I Rise of ^^. J' **^ tlio Algonquin beach less 100 feet before the birth of the Niagara at 

the rate of « '*«^ '^ <^«nt^ry. 


B. 


12,800 
13,800 

7,800 


C. 


6,500 

7,283 

32,000 
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■^^^ •String ^ . 


^'^•^•W^wA, 


^* bat Ui» XT? ^^'^ J 




«- tC W^ "^P***^-- 
''^^ XmT* ***** ^ *« *f 1 


>^**^ vv^Tw^i more or [«» 
^s- *f-^o» -Jhs Krie boaii far 
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, End of NiAauu Falls. JJ7 

' '""'liiie iwn^ j^^ jjjon ridge w»b eSectea. Willi a, p„Miit »'« »' 

""f '-a i«MiMa„|j oJo"?''** JL*'""' "P"" " "" "i'g™ 'iM'riot, „a tie rate ot 

^ - '^hA^i ter" jj^ eontin«ed, or even doubled, before the cataract 

Maaion of *« ,1,, DeTocian emarpment at Butalo, that lioie»tone 
^_U ha,e reaeM ^^ ^ ^ ^^^ ^ ^ ,^,^ ^^^^ ^^^ „j ,^, 


:«Ta:f_-T3p,H,5,^5j. 

1 W; arninaeariim 

•J _T^ B, -^. ^j^ 

' kT — -^ :--S » Mt 

Aivf -.^j- E3aK K ■W- 

i;"-f.r-* tr- a JKHM- 

5--.: : ac .5r ZJ 

n» 1 ■«-- - rz «■» «" 

v-T-« :> T-^ ^ a 

:■> ^ -- ;. ^- Si^'" 

. .-— -.-ac : » Mi* 


. -? a^ 


ban 


ner .hall have ^^^ jij,Bimippi drainage by ivay of Chicago- •*" 


eZ !■ ,' .'!^..7«t *« °°""" "' '■"I'e '^™ '"»'<' briog '" rooky 
evation of »0 feet ^ ,, ,|j^ (,,,; ^.^.^^^ ^__^ ^__ ^j^^^,;^__ ^j 

«oor„ thechanoeU' ^j^^^, ^^ ^^ ^^.^ ^^^^ ^^^^^^ 

™ f„. „.ld ooBple ' ^^^^^ ^^ ^j tematrial .Wation. It 
^I'^OO or 6,000 Tears A" , , , , . 

„„. ,.. "^ e the phenomena of the turning ^f the draw- 

:; ot 1'.xi:l f"- "• ""*" '-"^ '»'" *» «™ ^"'°- 

The computatio . .JJ*" *^^ "^ *^^ ^'"^* river,- based upon the 
measured rate of ° -* n '*""''« '*« ^^'"^' "P°" ** ''''aiging descent 
of the river froa 9 "" 4 ^^^ *««' ^""^ *"^'' ^ ^^** ^^^^' ^"^ "PO" **"** 
variable di8char(.„ ^ t,e^ '""o™ *^»* "' '*'*' ®"« ''**^'' ""'y. '^""''S 
thr«e-fourthsof tb***^ ''*\7f ''''*' "^^'■' ^ »^t«n(rard» ^at of all the 
upper lakes,— le^® ''^^ ^(jnclnsion that the Niagftf* ^*"b are 81,000 
years old and the ^ *° ^^f 03*000 years duration; ala*? *'*'** the Huron 
dra-ioage turned fr^^*' " (^t^wa river into Lake Eri« '^*« than 8,000 
yea.rB ag^- LaBtlJ*^ ^^ ^0** °' terrestrial deformati'^n continues w 
it apP**"* *« bave 'do b**" '" "'^'"' ^''""' ^*"" ^* ^'''' °^ N"*"* 
Fall" *''! «as6, by ^' Vo^*^'"^ "^ ^''^ waters into t**^ ^liwiigippi, 
The»* <^™ptttationB are cooA'™*'^ ""^ **'^ **** *"^ amOt>"* '^f differen- 
tial elevation recorded in tbe deserted heacheii. It ig further roughly 
eatino***^ tbat the laV^ epoob <5ommenced flO.OOo or 80,0*"' yeare ago, 
«aif c^' ,„a tb«« was open water long before the birth of Niag*"* 'o even the 

z-^ -*^ Onti*'^*^*^™' and that under no circumstanoes oould there have been 

a -J«*^ any by^^^^tic obstruction to the OnWrio ba«n since before the 

3- ^ ' birtli «'* Niagara PalU. 
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